In this study, AP2 DNA-binding domain-containing transcription factor, OglDREB2A, was cloned from the African rice (Oryza glaberrima) and compared with 3000 rice genotypes. Further, the phylogenetic and various structural analysis was performed using in silico approaches. Further, to understand its allelic variation in rice, SNPs and indels were detected among the 3000 rice genotypes which indicated that while coding region is highly conserved, yet noncoding regions such as UTR and intron contained most of the variation. Phylogenetic analysis of the OglDREB2A sequence in different Oryza as well as in diverse eudicot species revealed that DREB from various Oryza species were diversed much earlier than other genes. Further, structural features and in silico analyses provided insights into different properties of OglDREB2A protein. The neutrality test on the coding region of OglDREB2A from different genotypes of O. glaberrima showed the lack of selection in this gene. Among the different developmental stages, it was upregulated at tillering and flag leaf under salinity treatment indicating its positive role in seedling and reproductive stage tolerance. Real-time PCR analysis also indicated the conserve expression pattern of this gene under salinity stress across the three different Oryza species having different degree of salinity tolerance.
Introduction
Oryza glaberrima, also known as African rice, red rice or rice of Casamance, is another domesticated edible species within the Oryza genus. It belongs to the Poaceae family, tribe Oryzeae and genus Oryza; it is diploid with AA genome (2n = 24 chromosomes), and is an annual, selfpollinated plant (Agnoun et al. 2012) . Mostly cultivated in parts of West Africa, O. glaberrima has been reported to display increased tolerance to various types of biotic and abiotic stresses such as traits for blast resistance, drought resistance (Jones et al. 1997a, b) , resistance to rice yellow mottle virus, gall midge (Orseolia oryzivora); tolerance to soil acidity, aluminium as well as iron toxicity and weed competitiveness (Agnoun et al. 2012; Ricachenevsky and Sperotto 2016; Wang et al. 2014) . Although O. sativa has been studied well for salinity stress tolerance, little is known about the same in O. glaberrima (Awala et al. 2010) .
Asian rice (O. sativa) is an important cereal crop that serves as a staple food source for the world's population (Joseph and Mohanan 2013) . Being a glycophyte, its yield is significantly hampered by soil salinity (Flowers and Yeo 1981) . However, genetically improved rice lines suitable to grow in high saline soils will improve rice production globally. However, the prerequisite to develop the salt-tolerant rice genotype is to identify the efficient genes/alleles. Salt-tolerant genes that have been 1 3 91 Page 2 of 16 characterized in rice so far are from tolerant rice genotype. Thus, identifying improved or favourable allele from its relatives will be immense helpful. Transcription factors are regulatory in nature as they can induce several genes in downstream that are related to same pathway. Over the past few years, various transcription factors have been discovered in plants that are related to a wide range of abiotic stress responses including salinity. These transcription factors comprise the ethylene responsive element-binding factors (ERF) (Riechmann et al. 2000) , MYC as well as MYB (Goodrich et al. 1992) , basicdomain leucine-zipper (bZIP) (Uno et al. 2000) , WRKY binding (WRKY) (Mare et al. 2004) , NAC (He et al. 2005) and DELLA transcription factors (Achard et al. 2006) . The DREB transcription factors belong to ERF family containing AP2 domain for DNA binding. One class of ERF family proteins binds to GCC box in the promoters of pathogenesis-related ethylene responsive genes while the second class known as DREB/CBFs binds dehydration responsive element (DRE/ CRT) in the promoters of cold and dehydration responsive LEA genes. The DREB proteins are of two classes; DREB1 and DREB2 proteins work predominantly in an ABA-independent pathway with the exception being CBF4 which binds to CRT/DRE elements in ABA-dependent manner.
Through DREB transcription factors and their relation to abiotic stresses through transgenic approaches have also been studied (Khan et al. 2016 ) in a wide range of plants such as Glycine max (de Paiva Rolla et al. 2014) , Arachis hypogaea (Bhatnagar-Mathur et al. 2008) , Nicotiana tabacum (Awala et al. 2010) , O. sativa (Xiao et al. 2009; Bihani et al. 2011) , Triticum aestivum (Saint Pierre et al. 2012) , Salvia miltiorrhiza , it is not studied from O. glaberrima which are considered to be highly tolerant to various abiotic stresses.
Further, there have been few reports of evolutionary origin of DREB in various species such as moso bamboo (Phyllostachys edulis), Zea mays, Brassica oleracea, Hordeum vulgare (Guo et al. 2016; Liu et al. 2013; Thamilarasan et al. 2014; Wu et al. 2015) ; reports on the evolutionary origin of OglDREB2A and its orthologs in other species have not been reported till date. In the present study, evolutionary relationship of DREB2A in O. glaberrima and its homologs was studied. Further, genomic sequence level conservation among the various Oryza species and expression level conservation between rice, O. coarctata and O. glaberrima in response to salt stress were also studied.
Materials and methods

Plant material and salinity treatment
Seeds of O. glaberrima genotype, 'RAM100', were surface sterilized with 0.1% HgCl 2 (w/v) and grown for 3 weeks in paper towel. After that, seedlings were grown till maturity under greenhouse conditions in pots. The soil of the pot was having an average (salinity) EC of 0.6 ds/m. The salt stress (EC of ~ 10 ds/m) was applied to the pot-grown plants for 24 h. Simultaneously, control samples were obtained at each developmental stage of the rice plant treated with distilled water. The tissues after harvesting from the salinity stressed as well as control rice plants were immediately frozen and kept at − 80 °C until further use. Further, to study the expression pattern conservation, we also treated O. coarctata (cv. Sundarban), O. glaberrima (cv. RAM100) and O. sativa (cv. FL478) 2-month-old seedlings with 20 ds/m for former species and 10 ds/m for later two species, respectively, based upon our previous study (Mondal et al. 2015 (Mondal et al. , 2018 Ganie et al. 2017 ).
Sequence retrieval
The coding and the protein sequences of DREB2A from various genotypes of O. glaberrima as well as from O. sativa and O. coarctata were retrieved from the NCBI database . The orthologs of DREB2A from 11 Oryza genomes and other plant species were obtained from the Plant Ensembl database (Kersey et al. 2016) using the BLASTp search tool with an expectation value (e value) ≤ 1e −5 . Further, PSI-BLAST with BLOSUM62 matrix (Henikoff and Henikoff 1992) was carried out in the NCBI database. All non-redundant sequence hits were taken into consideration for evolutionary analysis and sequence alignment. Duplicate sequences having more than 95% similarity after alignment in CLUSTAL W were removed from further analysis. For DREB2A genes having more than one transcript, the protein sequence derived from the longest transcript was included for carrying out the analysis. Sequences that have been used in this study are tabulated in Table S1 .
Identification of SNPs and indels information from Rice SNP Seek Database
The locus id for DREB2A gene sequence was obtained from MSU Rice Genome Annotation Project (Ouyang et al. 2007 ). Information about indels and SNPs of 3000 rice genotypes was obtained from SNP Seek database using default parameters (Alexandrov et al. 2015 ) with reference to Nipponbare genome for the locus, LOC_Os01g07120. Separate tables for each of five sub-populations viz, Indica, Japonica, Aus, Aromatic and Admix were downloaded. Number of SNP mismatches and indels for each genotype were calculated and data for each sub-population were recorded. In total, 1789 Indica, 855 Japonica, 201 Aus, 103 Admix and 76 Aromatic varieties were enlisted, and average number of SNPs in each sub-population and sub-populations carrying specific number of indel mutations were calculated and documented.
Multiple sequence alignment and phylogenetic study
The retrieved sequences were manually screened for the presence of AP2 domain in InterProScan (Jones et al. 2014) . The protein sequences of the DREB2A orthologs of various species of Oryza as well as species within the Poaceae family were aligned through CLUSTAL X2 (Larkin et al. 2007 ). To study the sequence level conservation of AP2 domain among the protein sequences, multiple sequence alignment consisting of the DREB2A sequences from O. glaberrima, its orthologs from various species of Oryza as well as other species of Poaceae family was created. Sequence logos were generated using WebLogo (Crooks et al. 2004 ). For construction of phylogenetic tree, all identified 253 DREB gene sequences were aligned using CLUSTAL W programme incorporated in BioEdit v7.0.5 (Hall 1999 ) and further aligned fasta file converted into nexus file format using web-based sequence conversion programme (http ://sequ ence conv ersi on.buga co.com/conv erte r/biol ogy/sequ ence s/ fast a_to_nexu s.php, Date of access Nov. 13, 2017). Later on, Bayesian phylogenetic tree analyses was developed using Mrbayes version 3.2.2 (Ronquist and Huelsenbeck 2003) , with two independent runs conducted for 900,000 generations and a reversible jump Markov chain Monte Carlo (RJ-MCMC) substitution scheme was used with a discrete gamma distribution model and six substitution types during the run. At every 500 generations a sample tree was saved. The output of Mrbayes was visualized using Figtree (version 1.4.3, http ://tree .bio.ed.ac.uk/soft ware /figt ree/, Date of Access November 26, 2017).
Selection on the DREB2A gene from O. glaberrima was tested by Tajima's D (Tajima 1989 ) using DnaSP5 (Librado and Rozas 2009 ) that takes into account average pairwise difference between sample sequences (π) and Waterson's estimator θ based on number of segregating sites (Watterson 1975) .
In silico analysis of OglDREB2A protein
The protein sequence of OglDREB2A was used for secondary structure analysis using SOPMA (Geourjon and Deléage 1995). The physical and chemical parameters, theoretical isoelectric point, molecular weight, total number of positive and negative residues, extinction coefficient, half-life, instability index, aliphatic index and grand average hydropathy (GRAVY) were computed using Expasy-Protparam (Gasteiger et al. 2005a, b) . The folding state was predicted by FoldIndex Program (Priluskyl et al. 2005) . 3D model of the protein was generated in Swiss-Model workspace. The models were analyzed and the best model was selected based on highest sequence identity with the template, best GMQE and best QMEAN score. Higher GMQE and QMEAN scores indicate higher reliability of the built model (Biasini et al. 2014) . Ramachandran plot for the protein was constructed in RAMPAGE server (Lovell et al. 2003) .
Analysis of motif and intron-exon architecture of DREB2A orthologs
For comparison and visualization of DREB2A orthologs, GSD raw of PIECE was used , with the input files consisting of the genomic DNA and the coding sequences of rice and various Oryza species. The conserved motifs were also analyzed initially by PIECE and subsequently by MEME (Bailey et al. 2009 ).
Q-PCR analysis of DREB2A in different tissue and under salinity stress
Total RNA was isolated from 100 mg of tissues of different developmental stages, namely seedling, flag leaf, panicle initiation and milky stages (young grain with white liquid) from both control and treated samples, using TRIZOL reagent. Both quantitative and qualitative values for extracted RNA samples were checked using Nanodrop (Thermo Fisher Scientific, USA) and through gel electrophoresis. The cDNA were prepared using 1 μg of total extracted RNA according to SuperScript ® III cDNA synthesis protocol (Invitrogen, India). The diluted cDNA was subjected to the PCR by highfidelity Taq Polymerase (DSS Takara Bio India Pvt. Ltd., India) with gene-specific primer. The amplification product was gel purified with Gel Extraction Kit (Qiagen India Pvt Ltd, India) and cloned into pGEM-T easy vector (Promega, USA) in Escherichia coli strain DH5α for sequencing. The forward and reverse contigs were joined to make a complete sequence which was used for in silico analysis.
Expression of OgDREB2A transcript was analysed by Q-PCR, using gene-specific forward (GSP-F) and reverse (GSP-R) primers of three different species, i.e. O. coarctata (cv. Sundanban), O. glaberrima (cv. RAM 100) and O. sativa (cv. FL478) ( Table S2 ). The expression of these genes was normalized with species-specific actin gene as an internal control to quantify the expression level of the transcripts (Table S2 ). The resulting cDNA samples were diluted 60 times (1:60) in RNase-free water and 2 µl of the diluted cDNA was used as template in a total reaction volume of 25 µl using QuantiFast SYBR Green PCR Master Mix (Qiagen, India). Real-time PCR analysis was performed in a 96-well plate using Roche 454 Q-PCR system (Roche, USA). The thermal cycling conditions of 95 °C for 5 min followed by 45 cycles of 95 °C for 15 s, 60 °C for 30 s, and 72 °C for 30 s were used. The Q-PCR amplifications were performed with at least two independent biological replicates and two technical replicates for each biological replicate. The specificity of the PCR reactions was confirmed by melting curve analysis of the amplicons. The comparative 2 − Δct [ΔCT = CT, gene of interest − CT, actin] method was used to calculate the normalized fold changes of each transcript in the samples (Schmittgen and Livak 2008) . Statistical analyses were conducted using the SAS software (SAS Institute Inc., NC, USA).
Results
Identification of SNPs and indels at DREB2A locus among the 3 k rice cultivars
To identify the genetic variation at sequence level among the rice genotypes, we took the advantage of '3000 rice genome project' which possesses a large number of sequenced genomes. Apart from that, we also cloned another 19 sequences of this gene from O. coarctata and O. glaberrima [Submitted to NCBI genbank ID: AIY24737, AMB19639-AMB19657] and taken for this analysis. The gene ID of DREB2A sequence (LOC_Os01g07120) retrieved from the MSU Rice Genome Annotation Project (RGAP-7) was found to be located in chromosome 1. This gene has two splice variants, namely LOC-Os01g07120.1 and LOCOs01g07120.2. At this locus, variable number of insertion and deletion mutations were found in all the sub-groups such as indica, japonica, admix, aus and aromatic varieties with Nipponbare (a japonica subsp.) as reference. Average number of SNPs found in each of the groups in increasing order is 6. 30, 6.34, 7.39, 7.40, 13 .06 for Indica, Japonica, Admix, Aromatic and Aus varieties, respectively (Fig. 1) . Out of the 3019 genotypes, 651 were not found to have any indels. While rest 2256 genotypes were found to have 1 indel mutation, 7 genotypes contains 2 indels each, 4 genotypes contain 3 indels each, 9 genotypes contain 4 indels each, 19 genotypes contain 5 indels each, 3 genotypes contain 6 indels each, 33 genotypes contain 7 indels each, 14 genotypes contain 8 indels each, 4 genotypes contain 9 indels each, 19 genotypes contain 10 indels each, 4 genotypes contain 12 indels each and 1 genotype contains maximum of 21 indels each (Fig. 2a, b) .
Mapping of SNPs and indels
To gain an insight into the genetic variation at DREB2A locus among the 3000 rice genotypes, SNPs and indels present in the coding and noncoding regions of the gene were mapped. The chromosomal region spans a total of 4821 base pairs in Nipponbare containing 33 SNPs with an average of one SNP per 146 base pairs. Out of 33 SNP positions, 4 SNP positions (3357802, 3357862, 3357939 and 3358041) were found to be in translated region, 24 SNP positions were corresponded to the UTRs (3 SNPs in the 5′ UTR and 21 SNPs in the 3′ UTR) region. Rest, five SNP positions corresponded to the intron region connecting the first and second exons. The indel information corresponding to the gene region was also extracted. Out of 69 indel positions, no indel mutations were found in the coding region. But 24 indel positions were mapped into the 5′ UTR, 2 and 10 indels were mapped in the second exon and third exon, respectively, and 33 indel positions were mapped in the intron region. None of the Indel positions were mapped in the region being translated. The positions of indel and SNP corresponding to the specific regions in the DREB2A locus have been represented in Fig. 3 .
Multiple sequence alignment, phylogenetic analysis for OglDREB2A protein sequence
Multiple sequence alignment and consensus sequence for the AP2 domain of DREB2A across the rice species revealed sequence conservation as represented in Fig. 4 . We developed a Bayesian phylogenetic tree of 253 different DREB gene identified in 129 species, with a much more robust node support (Fig. 5) . Total 2702 number of trees was generated and summarized with sumt burnin = 400 tree. The developed consensus Bayesian phylogenetic tree was well resolved with posterior probability (PP) varied from 0.148 to 1. The phylogenetic tree was grouped into 10 main groups 
Physical and chemical characteristics of OglDREB2A
The physical and chemical parameters contribute to the structure as well as function of a protein. The coding sequences of OglDREB2A were found to be 846 bp and the translated protein length corresponds to 281 amino acids, respectively. The predicted secondary structure has 95 alpha helices, 36 β turns, 100 random coils and 50 extended strand (Fig. 6 and Table 1 ). The in silico folding analysis showed that the protein consists of five unfolded regions; the longest unfolded region being composed of 112 residues and the total number of amino acids forming a part of unfolded region is 181 amino acids out of 281 amino acids that the protein is composed of (Fig. 7a) . ProtParam analysis of the protein sequence revealed that it consists of 47% of non-polar hydrophobic and 53% of polar hydrophilic amino acids. The molar extinction coefficient at 280 nm is 45,295 M −1 cm −1 assuming all Cys residues form disulphide bonds and 44,920 M −1 cm −1 assuming all the Cys residues are reduced. The instability index was computed to be 44.34, aliphatic index was found to be 66.26 and grand average of hydropathicity was found to be − 0.670 (Table 2 ). The 3D structures of proteins are important from the point of view that it aids in the study of protein function, dynamics as well as interaction with ligands. The residues of the 3D protein model, present in the allowed regions of Ramachandran plot were quantified so as to assess the stereochemical quality of the built model. The sequence was similar to seven templates with similarity range from 53.85 to 62.50%. However, the best model was selected based on the highest sequence similarity, GMQE and QMEAN scores. QMEAN is a composite scoring function for the estimation of the global and local model quality. GMQE (Global Model Quality Estimation) is a quality estimation which combines properties from the target-template alignment. The template that has maximum sequence similarity of 62.5% with the query sequence has the highest GMQE score of 0.13 and highest QMEAN score being − 0.57 was that of ATERF1. The pdb file of the model was downloaded (Fig. 7b) and Ramachandran plot in RAMPAGE server revealed that 92.6% of the residues lie in the most favoured regions, 5.6% in the allowed region and only one residue (133 Threonine) lies in the outlier region (Fig. 8) .
Intron-exon architecture of DREB2A across the Oryza species
For PIECE analysis in GSDraw, the genomic sequences as well as coding sequences of DREB2A across the various Oryza species were used. The comparative lengths of exons and introns among the Oryza species have been represented in Fig. 9 . PIECE analysis in GSDraw revealed that the length of the introns across the various Oryza species varied from a minimum of 545 bp in O. brachyantha to maximum of 625 bp in O. glumaepatula. Very interestingly, we found that OglDREB2A gene sequence is devoid of any introns which is composed of 846 base pairs. In all other Oryza species, the protein coding sequence has been distributed into two exons, the sizes of which ranged either 42 or 47 bp for the first exon, and 778 or 813 bp for the second exon (Fig. 9) (Fig. 10) . Fig. 4 Multiple sequence alignment of AP2 domain of DREB2A proteins performed using CLUSTAL X2. The alignment was developed from complete sequences of DREB2A proteins from eleven Oryza species as well as other members from Poaceae family. AP2 domain-containing region is demarcated by a blue box. The consensus sequence logo for the AP2 domain is shown below the blue box. The abbreviations of the gene name are given in Table S1 ◂ 1 3 Table S1 the control seedlings. Also, the increase of expression levels under salinity stress was more in O. glaberrima than O. sativa but lesser than the halophyte O. coarctata. However, the enhanced expression of DREB2A on application of salt treatment indicates its interspecific functional similarity across the three different Oryza species (Fig. 11b) . It is interesting to mention here that intron do not play any significant role in its expression as OglDREB2A is intronless.
Discussion
DREB2A is a member of the dehydration responsive element-binding transcription factors and plays an important role in regulating the gene expression related to salinity and drought (Liu et al. 1998; Sakuma et al. 2002) . In this study, important progress has been made in the estimation of expression of OglDREB2A under salinity stress. Phylogenetic analysis of DREB2A protein sequence of Oryza species and in diverse eudicot species has been carried out to understand the process of evolution in these species. Analysis of intron-exon architecture, in silico physical and chemical analysis provides insight into the evolution and predicted properties of OglDREB2A protein. Further, the selection pressure on the OglDREB2A coding sequence is estimated using Tajima's D. In addition, analysis of the positions of the SNPs and indels at the corresponding DREB2A loci among the 3019 rice genotypes reveal the extent of sequence variation.
Phylogenetic analysis of Ogl DREB2A
The evolutionary relationship of OglDREB2A along with its orthologs was analysed. Multiple sequence alignment of DREB2A sequences of Oryza species showed a high level of sequence conservation in the AP2 domain while comparatively less sequence conservation with eudicot species. OglDREB2A sequence was clustered along with various rice species in one clade. Another clade was formed at the base of the phylogentic tree composed of sequences of DREB homologs from rice, Oryza coarcatata. The other clades had monocot species and dicot species in separate clusters. The analysis of the intron-exon architectures of the DREB2A gene sequences among Oryza species suggested that the length of the coding regions varied from 825 to 855 bp and intron length varied from 545 to 625 bp. However, OglDREB2A gene was intronless. From the diverse lengths of the introns, it can be suggested that the DREB2A orthologs with introns have evolved relatively more slowly than the OglDREB2A gene which does not have any intron. It has also been hypothesized that long intron region in the gene of DREB2A orthologs of rice species other than O. glaberrima is also correlated to gene essentiality apart from their slow evolution (Shin and Choi 2015) . However, relationship between gene essentiality and rate of evolution of proteins is a matter of dispute (Wang and Zhang 2009) . It is yet to be known whether the OglDREB2A sequence has lost its intron due to the selection pressure or the intron is left to be introgressed in its sequence by natural selection. Though introns present in a gene impose evolutionary novelties through processes such as exon shuffling, production of splice variants, control of mRNA integrity, promotion or favouring of recombination (Lage et al. 2011 ), yet the loss of intron in OglDREB2A ORF does not seem to impair its function but must have an evolutionary advantage. However, the clustering of O. glaberrima DREB2A to that of O. barthii suggests that the DREB2A protein sequences between these two species are closely related in accordance with the fact that O. glaberrima has been domesticated from its progenitor O. barthii (Sweeney and McCouch 2007) . Motif analysis among the DREB2A protein sequences indicates a conserved array of motifs across all of the Oryza species which is indicative of the fact that the motifs are essential for proper functioning of the protein (Wuchty et al. 2003) .
Physical and chemical characteristics of OglDREB2A
Analysis of the protein sequences of OglDREB2A revealed that the AP2 domain are found between 82nd and 139th amino acid residue and have the signature sequence which is 58 residues long. Homology modeling of the DNAbinding domain of OglDREB2A revealed the presence of three antiparallel beta sheets (β 1-3) and an alpha helix (α1) parallel to the beta sheets while the Ramachandran plot assessment of the protein demonstrates the presence of both α-helix and β-sheets along with the residues contributing to their formation in the final protein structure. Val86, Arg87, Glu88 form a part of the first β strand, Trp94 to Glu100 form a part of the second β strand while the third β strand consists of eight residues from Arg105 to Phe112. The alpha helix consists of 14 amino acids from Ala115 to Ala128. Similar structure of DREB2A orthologs from T. aestivum and L. chinensis has been reported which might suggest a functional similarity among these orthologues (Gao et al. 2014; Pandey et al. 2014) . The folding state analysis of OglDREB2A suggests that 64.4% of the amino acid residues are in unfolded state in their native conformation and might undergo a conformational change on binding to the DNA. In silico analysis of T. aestivum and A. thaliana DREB2 sequences showed 60.4 and 59.7% of the total residues to be disordered, respectively, in their native state (Pandey et al. 2014) . It was also reported that 35.6% of the amino acid residues form a part of random coil which may be the reason that majority of the DREB2A protein is natively unfolded (Dunker et al. 2001) . However, the natively unfolded structure of Ogl-DREB2A further needs to be validated by utilizing NMR spectroscopy. Protparam analysis revealed a GRAVY value of − 0.67 which demonstrates the hydrophilic nature of the protein (Smialowski et al. 2007 ). An instability index of 44.34 suggests that the protein may be unstable (Gasteiger et al. 2005a, b) . However, the instability index is based on the primary protein sequence only and does not take into account influence of ligand binding and formation of disulphide bridges which imparts to the stability of the protein (Guruprasad et al. 1990 ).
Selection on OglDREB2A coding region
To examine the genetic variation in the coding region of OglDREB2A, Tajima's D test was carried out to determine whether the region is departing from neutrality. The Tajima's D value, calculated on the basis of difference between number of segregating sites and average number of nucleotide differences was negative (− 0.097). However, the negative value was not statistically significant (P > 0.10) which signifies lack of selection on the coding sequence and population is evolving in accordance to neutral theory of mutation. This states that the variation in the coding sequence of OglDREB2A is not due to natural selection but by genetic drift of mutant alleles that are neutral. These mutations do not impart significant variation within the species at the molecular level (Kimura 1983) . 
O. coarctata O. oryza O. glaberrima
In the present study, a relatively high number of SNPs and Indels are being observed in the UTRs, whereas coding regions do not have any of them which is essential for retaining the proper function. However, the effect of these mutations on the genotypes carrying them needs to be studied. It is known that UTRs interact with various protein complexes to initiate and regulate gene expression (Wilkie et al. 2003) . Further, SNPs and indels in the introns may not have any adverse effect on the function of the protein; although mutations in the intron exon junction might bear unfavourable effects on recruiting of splicing machinery (Chorev and Carmel 2012; Romfo et al. 2000; Talerico and Berget 1990) . Nonetheless, the indel mutations in the intronic region of a gene might cause a frameshift mutation, however, it has been reported that wherever the first indel causes a frameshift mutation leading to loss of function of the protein there is a tendency of a second frame-shifting indel to balance and restore its function (Hu and Ng 2012) .
Expression analysis of OglDREB2A
Rice is more sensitive to salinity stress either at seedling or at reproductive stage (Singh and Flowers 2010) . Exposure to salt stress during pollen development and fertilization brings about sterility in rice (Jenks et al. 2007 ). (Dubouzet et al. 2003; Wang et al. 2008; Mallikarjuna et al. 2011) indicating that this gene is definitely involved in salinity stress.
In conclusion, we have cloned and characterized a putative OglDREB2A gene from O. glaberrima. Various in silico parameters were used to characterize the gene which showed high degree of similarity with other DREB2A of angiosperms and has a signature of AP2 domain. Having seen its upregulation under salinity stress, sharing of a common ancestor with O. barthii and possessing a high degree of 3D protein structure similarity with ATERF1, as well as its grouping with other DREB2A in phylogenic tree, enable us to conclude that it plays an important role in regulation of salinity stress responses in O. glaberrima.
